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(54) OPTICAL PICKUP DEVICE 

(57) An optical pickup device includes: a semicon- 
ductor laser (1) selectively generating a laser beam (25) 
with a wavelength of 635 nm and a laser beam (27) with 
a wavelength of 780 nm: and an optical device (5) hav- 
ing a central region (5b) in which a hologram (20) is 
formed and a peripheral region (5a) in which a diffrac- 
tion grating (21) is formed. Optical device (5) is 
arranged immediately below an objective lens (7). Cen- 
tral region (5b) allows transmission of the laser beam 
with the wavelength of 635 nm without any diffraction, 
but increases the diameter of the laser beam with the 
wavelength of 780 nm by diffraction. On the other hand, 
peripheral region (5a) allows transmission of the laser 
beam with the wavelength of 635 nm without any diffrac- 
tion but substantially shields the laser beam with the 
wavelength of 780 nm by diffraction. Thus, all of laser 
beam (25) with the wavelength 635 nm is transmitted 
through objective lens (7) and focused on a signal 
recording surface (9a) of a DVD (26). The periphery of 
laser beam (27) with the wavelength of 780 nm is signif- 
icantly diffracted by peripheral region (5a) of optical 
device (5) and only the central portion of laser beam 
(27) enters objective lens (7) while increasing its diame- 
ter Thus, laser beam (27) with the wavelength of 780 
nm is focused on a signal recording surface (99a) of a 
CD-R or a CD-ROM (31). Therefore, the optical pickup 
device is capable of compatibly reproducing the DVD, 
CD-R and CD-ROM. 



PIG. 2 




Primed by Xerox (UK) Business Services 
2.16.7/3.6 



BNSDOC1D: <EP 09366O4A1 I > 



EP 0 936 304 A1 



Description 

Technical FieW 



75 



20 



[CC01 ] The present invention relates to optical pickup devices and. more specifically, to an optical pickup device per- 
forming recording and/or reproducing for a digital video disk (a DVD) and a compact disk (a CD). 

Technical Background 

[0C02] An optical disk with a thickness of about 1 .2 mm, such as a CD-ROM (Compact Disk-Read Only Memory), has 
been provided for reading information using a semiconductor laser. In this type of optical disk, by performing focusing 
servo control and tracking servo control for an objective lens for pickup, a pit string of a signal recorcfing surface is irra- 
diated with laser beam to reproduce a signal. Recently, such optical disks are increasingly becoming higher in density 
for recording an animation lasting for a long period of time. 

(0003] For example, a DVD standard has been proposed tor recording information of 4.7 G bytes on one side of the 
optical disk having a diameter of 1 2 cm, which is the same as that of the CD-ROM. A transparent substrate of the DVD 
has a thickness of about 0.6 mm. A single DVD, which has two such transparent substrates applied to each other back 
to back, can record information of 9.4 G bytes. Further, as a write-once optical disk having the same diameter, thickness 
of substrate and recording density as those for the CD-ROM. there exists a CD-R (Compact Disk- Recordable). 
[0C04] Since three different types of optical disks, including the DVD. the CD-ROM and the CD-R, would exist in the 
same apparatus in the near future, a device capable of compatibly reproducing these three different types of optical 
cfisks is required. The DVD and the CD-ROM or the CD-R, however, cannot be reproduced by a single optical pickup 
device because of the difference in thicknesses of the transparent substrates. 

{0005] Then, in Japanese Patent Laying-Open No. 5-303766. an apparatus has been proposed which allows repro- 
duction of a high density optical disk having a thin transparent substrate with a thickness of 0.6 mm and a standard den- 
sity optical disk having a standard transparent substrate with a thickness of 1 .2 mm by using a single optical pickup 
device. In the apparatus, an objective lens with a numerical aperture of 0.6 is employed which has been designed to 
reproduce the high density optical disk by a laser beam with a short wavelength. When the standard density optical disk 
is to be reproduced, an aspherical optical device is inserted on the side of a light source of the objective lens which is 
provided with an aperture for shielding the periphery of laser beam to decrease an effective numerical aperture of the 

[0fl^ e Moreover, to change the effective numerical aperture of an objective lens selectively shielding the periphery 
of laser beam emitted from a semiconductor laser to collect laser beam, an apparatus has been disclosed in Japanese 
Patent Laying-Open No. 8-321065 which is provided with a liquid crystal selectively rotating the plane of polarization of 
laser beam and a polarizing plate allowing transmission of only laser beam which is polarized in a specific direction, and 
which can compatibly reproduce optical disks having substrates with different thicknesses. While the apparatus can 
compatibly reproduce the DVD and the CD-ROM having substrates of different thicknesses, it cannot reproduce the 
CD-R as a laser beam with a wavelength of 635 nm is employed. The reason is as follows. 

[0007] Rg. 1 is a diagram showing a relation between a pit depth and intensity of reflected light for every laser beam 
with a different wavelength. As shown in Rg. 1, when the laser beam with a wavelength of 635 nm is employed, the 
intensity of reflected light is the highest with the pit depth of about 1 05 nm. On the other hand, when laser beam with a 
wavelength of 780 nm is employed, the intensity of reflected light is the highest with the pit depth of about 125 nm. In 
the case of the CD-R. reflectance significantly changes with the wavelength of laser beam as organic dye is used for a 
recording film and a sufficient intensity of reflected light cannot be obtained using a single-wavelength laser with a 
f wavelength of 635 nm. Thus, the CD-R cannot be suitably reproduced. Therefore, a two wavelengths to beam laser is 
required for the optical pickup device capable of compatibly reproducing the DVD and the CD-R or the CD-ROM. When 
laser beam with a wavelength of 430 nm would be employed due to the trend of shorter wavelength in the near future, 
such a two wavelengths to beam laser would be even more highly required. 

[0008] Therefore, it is an object of the present invention to provide an optical pickup device capable of performing 
o recording and/or reproducing for optical disks having substrates with different thicknesses by using a laser beam with 
two different wavelengths. 

Disclosure of the Invention 

5 [0009] According to the present invention, an optical pickup device performing recording and/or reproducing for a first 
optical disk having a first transparent substrate and a second optical disk having a second transparent substrate with a 
thickness which is smaller than that of the first transparent substrate includes an objective lens, a laser beam generat- 
ing means and an optical device. The objective lens is arranged opposite to the first or second optical disk. The laser 
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beam Generating means selectively generates a first laser beam with a first wavelength and a second laser beam wrth 
rs^wTe^wt^n is diJent from the first wavelength. The opticaJ device includes^ <^ 
be^en^Sve lens and the laser beam generating means, allowing transmission ol the fust ^^eamw^out 
anvrfwand increasing the diameter of the second laser beam by diffraction; and *^" ai ^™*^°*^l~r 
S*TTt47irst laser beam without any change and substantially shielding the second laser beam by drffracUon or 

absorption. 

r 001 01 Preferably, a hologram is formed in the central region of the optical devrce. ar ^^„ 
Soil Mo^Lbly, me hologram indudes a plurality of anmiar cortex portions each ^J^^^J 0 **' 
^formed, where a height hi of each step fe determined in accordance with the foiling expressions (1) to (5). 

nm -biA(x) e xpr,*(x) ) e^-i(^}dx| 2 <'> 
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if 0£xS^ <Kx) = 0 
4 



if 
if 

if ~ 



I^x^- *(x) = ^(n-n 0 )hl = ♦.(constant) 
4 2 A. 

I^^T <Kx) = ^(n-n 0 )hl = 2« 0 
2 4 A, 

^TSxST Kx) = ^(n-n.)hl = 34> 0 
4 A 



(2) 



ilm = 0 



- ± {(1 + COS«>(x) + COSzm + COS3<><x)) 2 + (SIN4>(x) + SIN2*(x) + SIN3*(x)) 2 } 
0 16 



(3) 



if m = -1 



^ = J_ { (1 . COS*(x) - COS2<«x) + COS3*(x) - SIN*(x) + SlN2*(x) + SIN3*(x)) 2 
+ (1 + COS*(x) - COS2«>(x) - COS3<>(x) - SIN+(x) - SIN2*(x) + SlN34>(x)) 2 } 



if m = 1 



45 2 

n ^ s J_ {(1 - COStfx) - COS2<Kx) + COS34»(x) - SIN*(x) + SIN2<>(x) + SIN34>(x)) 
4n 

+ (1 + COS«>(x) - COS2<>(x} - COS3<Mx) + SIN*(x) + SIN2*(x) + SIN3«>(x)) 2 } 

W [0012] Here, rs mth order diffraction efficiency, «x) rs a function of phase ^ e ^ e ^ ine f^^ n ^^^ 
sa period of the function of phase difference. A(x) is trarrsmittance. X is the frst or second wavelength, nrs^refra^ve 
IndTrfTeannular convex portion. nO is refractive index of the periphery of the annular convex portron and *0 « a con- 

55 (9013] Preferably, a retraction grating is formed in the peripheral region of the optical device. 
10014] More preferably, the diffraction grating has varying grating constants. 

0015 Preferably. tfVtaser beam generating means polarizes the first laser beam in a frrst d.rectjon and he second 
tea beam in a second direction which is different fran the first direction. In the penpheral regron of the opt-cal dev.ce, 
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a polarizing fitter is formed having a polarizing direction which is perpendicular to the second direction. 

[0016] Preferably, a polarizing glass is formed in the peripheral region of the optical device which absorbs the laser 

beam with the second wavelength. 

[001 7] Preferably, the laser beam generating means is a semiconductor laser including a package and first and sec- 
ond laser chips. The first laser chip is arranged within the package and oscillates the first laser beam. The second laser 
beam is arranged within the package and oscillates the second laser beam. 

[0018] More preferably, the optical pickup device moves along two parallel guide shafts provided in a radial direction 
of the first or second optical disk, and includes a rising mirror and a body. The rising minor is arranged immediately 
below the objective lens and the optical device, and reflects the first or second laser beam directed from the semicon- 
ductor laser in a direction which is parallel to the main surface of the f irst or second optical disk in a direction which is 
perpendicular to the main surface of the first or second optical disk. The body is supported between the two guide 
shafts and the objective lens accommodates the optical device, the semiconductor laser and the rising mirror. An optical 
axis of the laser beam entering the rising mirror is angled with respect to a perpendicular relative to the two guide shafts 
to form an acute angle. 

[0019] More preferably, a line passing omittance openings of the first and second laser chips is angled with respect 
to the main surface of the first or second optical disk to form an acute angle which is equal to the above mentioned acute 
angle. 

[0020] Preferably, the optical pickup device further includes a collimator lens arranged between the optical device and 
the semiconductor laser. The first laser chip is spaced by a first distance from the collimator lens such that the first laser 
beam transmitted through the collimator lens is collimated. The second laser chip is spaced by a second distance, 
which is different from the first distance, from the collimator lens such that the second laser beam transmitted through 
the collimator lens is collimated. 

[0021] Preferably, the semiconductor laser further includes an optical waveguide. The optical waveguide includes a 
first incident opening facing the omittance opening of the first laser chip, a second incident opening facing the emittance 
opening of the second laser chip and an emittance opening communicating with the f irst and second incident openings. 
[0022] Preferably, the first and second laser chips are arranged such that one sides thereof are adjacent to each other. 
The distances between the emittance openings of the first and second laser chips and the one sides are respectively 
shorter than the distances between the emittance openings and the other sides opposite to the one sides. 
[0023] Preferably, the semiconductor laser further includes a photodetector arranged on the side opposite to the side 
of emittance of the first and second laser chips for monitoring both the first and second laser beams leaked from the 
first and second laser chips. 

[0024] Preferably, the semiconductor laser further includes first to fourth terminals. The first terminal is connected to 
one electrodes of the first and second laser chips and the photodetector. The second terminal is connected to the other 
terminal of the second laser chip. The third terminal is connected to the other electrode of the second laser chip. The 
fourth terminal is connected to the other electrode of the photodetector. 

[0025] Preferably, the first wavelength is between 620nm and 680nm and the second wavelength is between 765nm 
and 795nm. 

[0026] Preferably, the objective lens is adapted to the first optical disk and has a numerical aperture of between 0.55 

and 0.65. , . 

[0027] Preferably, the objective lens has an effective numerical aperture of between 0.40 and 0.50 upon incidence ol 

the second laser beam. 

[0028] Thus, in recorcfing and/or reproduring of the first optical disk, the first laser beam is transmitted through me 
optical device without any change and focused on a signal recording surface of the first optical disk by the objective 
lens. On the other hand, in recording and/or reproducing of the second optical disk, the periphery of the second laser 
beam is substantially shielded by the peripheral region of the optical device and the diameter of the central portion of 
the second laser beam is increased by the central region of the optical device, so that the second laser beam is focused 
on the signal recording surface of the second optical disk by the objective lens. Thus, the optical pickup device is capa- 
ble of performing recording and/or reproducing for the first and second optical cfisks having substrates with different 
thicknesses. 

Brief Description of the Drawings 
[0029] 

Fig. 1 is a diagram showing a relation between a pit depth of an optical disk and intensity of light reflected therefrom 

tor every laser beam with a different wavelength. 

Fig. 2 is a cfiagnam showing a structure of an optical pickup device in accordance with an embodiment of the 
present invention. 
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Fig. 3 is a block diagram showing an overall arrangement of an optical dsk reproducing apparatus including the 
optical pickup device shown in Fig. 1 . 

Fig. 4 is a top view showing a structure of a semiconductor laser shown in Fig. 2. 
Fig. 5 is a top view ol an optical device shown in Fig. 2. 
5 Fig. 6 is across sectional view of the optical device shown in Fig. 5. 

Fl g. 7 i S a diagram showing an optical path when a laser beam with a wavelength of 635 nm enters the optical 
device shown in Figs. 5 and 6. w 

Figs. 8 to 1 2 are diagrams showing optical paths when a laser beam with a wavelength of 780 nm enters the optical 
device shown in Figs. 5 and 6. . 
10 Fig 13 is a cross sectional view showing in enlargement a central region of the optical device shown in Bg. 6. 

Fig. 14 is a diagram showing a function of phase difference used for determining a height of each step of annular 

convex portions in a hologram shown in Fig. 13. 

Fig. 15 is a diagram showing a relation between a height of each step of annular convex portions in the hologram 
and 0th and ± first order diffraction efficiencies for the laser beam with the wavelength of 635 nm. 
is Fig. 16 is a diagram showing a relation between a height of each step of annular convex portions in the hologram 
and 0th and ± first order diffraction efficiencies for the laser beam with the wavelength of 780 nm. 
Fig. 17 is a diagram collectively showing the diffraction efficiencies shown in Figs. 15 and 16 for determining the 

height of each step of annular convex portions. , . n nv/r . 

Fig. 18 is a diagram showing an optical path of the laser beam with the wavelength of 635 nm in reproducing a DVD 
20 by the optical pickup device shown in Fig. 2. 

Fig. 1 9 is a cfiagram showing an optical path of the laser beam with the wavelength of 780 nm in reproducing a CD- 
R or a CD-ROM by the optical pickup device shown in Fig. 2. 
Fig. 20 is a diagram showing one mocfification of the optical device shown in Fig. 6. 
Figs. 21 to 28 are cross sectional views showing another modifications of the optical device. 
25 Fig 29 is a top view showing still another modification of the optical device. 

Figs. 30 to 33 are diagrams showing optical paths when the laser beam with the wavelength of 780 nm enters the 
optical device shown in Fig. 29. 

Fig 34 is a top view showing still another modification of the optical device. 

Fig. 35 is a diagram showing a polarizing direction of a polarizing filter formed in the peripheral region shown in Fig. 
34. 

Fig. 36 is a top view showing still another modification of the optical device. 

Fig. 37 is a diagram partially showing in enlargement a polarizing glass in the peripheral region of the optical device 

shown in Fig. 36. k . „ 

Fig. 38 is a diagram showing an optical system of the optical pickup device according to an embodiment of the 

35 present invention. . . 

Fig. 39 is a diagram showing a relation between a focal length and a wavelength of a collimator lens shown in Fig. 

38 

Fig 40A is a diagram showing an optical path when the laser beam with the wavelength of 635 nm enters the col- 
limator lens, and Fig. 40B is a diagram showing an optical path when the laser beam with the wavelength of 780 
40 nm enters the collimator lens. . _ 

Fig 41 A is a diagram showing a modification of the semiconductor laser with an optical path when the laser beam 
with the wavelength of 635 nm enters the collimator lens, and Fig. 41 B is a diagram showing an optical path when 
the laser beam with the wavelength of 780 nm enters the collimator lens from the semiconductor laser shown in 

45 Fig! 42 a diagram showing a modification of the semiconductor laser with an optical system of the optical pickup 
device 

Fig 43 is a diagram showing a structure of the semiconductor laser shown in Fig. 42. 

Fig. 44A is a side view showing a modification of the semiconductor laser, and Fig. 44B is a top view of the semi- 
conductor laser shown in Fig. 44A. 
so Fig. 45 is a diagram showing an arrangement of two laser chips in the semiconductor laser. 

Fig. 46 is a diagram showing a modification of the two laser chips in the semiconductor laser. 

Fig 47 is a diagram showing another modification of the two laser chips in the semiconductor laser. 

Fig 48 is a partially cutaway perspective view showing still another modif ication of the semiconductor laser. 

Fig. 49A is a circuit diagram of the semiconductor laser shown in Fig. 48, and Figs. 49B to 49D are another circuit 

55 diagrams. . . 

Fig. 50 is a diagram showing the optical system of the optical pickup device in accordance with an embodiment of 

the present invention. L >4i , . . _ 

Fig. 51 A is a top view of the optical pickup device, and Fig. 51 B is a cross sectional view showing the optical pickup 
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device in Fig. 51 A. . 
Fig. 52A is a top view showing a modification of the optica! pickup device, and Fig. 52B 6 a cross sectional view 
showing the optical pickup device in Fig. 52A 

5 Best Mode for Carrying Out the Invention 

[0030] The ernbodiments of the present invention will now be described in detail with reference to the drawings Jtte 
noted that the same or corresponding portions in the drawings have the same reference numerals and the description 
thereof will not be repeated here. 

10 

[Standard and Reproducing Condition for Subject Optical Disk] 

[0031] The following table shows a rated value and a reproducing condition for a CD-ROM. a CD-R and a DVD. which 
are compatibly reproduced by an optical pickup device according to an embodiment of the present invention. 
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Table 

Tvoe 


CD-ROM 


CD-R 


DVD 




Substrate 
Thickness on 
Reading Side 


1.2mm 
(1.1— 1.3mm) 


1.2mm 
(1.1—1. 3mm) 


0.6mm 
(0. 55— 0.65mm) 


Rated Value 


Minimum Pit 
Length 


0.90Mm 
rt).8~1.0Mm) 


0.90um 
(0.8~1.0/xm) 


0.40pm 
(0.3— 0.5 ^m) 


Track Pitch 


1.6m m 
(1.5— 1.7/i m) 


1.6/im 
(1.5— 1.7 /im) 


0.74 m m 
(0.73— 0.75 Mm) 


Reflectance 


At least 60-70% 


At ieast60— 70% 


At least 20-40% 
70% 


Reproducing 
Condition 


Spot Diameter 


1.5um 
(1.4— 1.6m m) 


1.5Mm 
(1.4— 1.6/im) 


0.9 Mm 
(0.85— 0.95 Mm) 


Numerical 


0.45 
(0.40-0.50) 


0.45 
(0.40-0.50) 


0.60 
f0.55— 0.65) 


aperture _ 
Wavelength 


780 
(765-795) 


780 
(765-795) 


635 
(620—680) 



[00321 As shown in the table, for the CD-ROM, a thickness of a substrate is 1 . 2 (with tolerance of *W™> a m, ™™ m 
^length is 0.90 (with tolerance of ±0.1)^m. a track pitch is 1.6 (with tolerance of iO-U^mand a rrflectence « a Meast 
40 60 % to 70% for a laser beam with a wavelength of 780 nm. Further, a spot rtameter * the laser beam ^ repro- 
duction i S 1.5 (with tolerance of ±0.1)nm. a numerical aperture of an objective lens is 0.45 (wrthtolerance of±0X>S) and 
a wavelength of the laser beam is 780 (with tolerance of ±15)nm. The CD-R has the same 

imum pH length, track pitch, reflectance, spot diameter during reproduction, numencal aperture of objective lens and 

wavelenath of laser beam as those tor the above mentioned CD-ROM. 

45 Sr^n the other hand, for the DVD. a thickness of substrate is 0.6 (with tolerance <*f»* "'^T^ 
enoth is 0 40 (with tolerance of ±0.1)^. a track pitch is 0.74 (with tolerance of ±0.0l)nm and a reflectance is at least 
Win tL «seof one layer DVD) oTat least 20 % to 40% (in the case of two layered DVD) for a laser beamwrtha 
wWeler^h of 635 nmFurther.aspot diameter of the tesert^ 

a numerical aperture of an objective lens is 0.60 (with tolerance of ±0.05) and a wavelength of the laser beam s 635 
so (with tolerance of 620 to 680)nm. 

[Structure of Optical Pickup Device] 

,0034, Heterring to Fig. 2. an optical pickup device 10 according to an embodiment of the present invention includes: 
ss ^ec^Sl^y ar^ged op^fte to ^ optical disk; a semiconductor laser 1 selectively genera^ laser bearr« 
^wavelengths of 63oTwith tolerance of ±l5)nm and 780 (with tolerance of ±l5)nm anophca. ™£* 
immediately below objective lens 7; an actuator 6 holding both objective lens 7and opticaJdev.ee 
immediately below objective lens 7 and optical device 5 for reflecting a laser beam directed from semiconductor laser 
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clminnnrfLirtor laser 1 and a photodetector 8 receiving the laser beam reflected by the optical disk. 

M Tbeam emitted from semiconductor laser 1 is renewed ^ haHrr^ 2 

Kfor^nation and raised by rising mirror 4. *Se?££ "jSE 

"JIJJ^Z^S substrate 9 or 99. objecSve ^^^otT * 
JL ■ ~ o Uq u ^ tho loRAr hsam is transmitted through haH mirror 2 and detected by photodetector 8. 
S ^e^e o^e12e te^ T^STthfoVD and has a numerical aperture of 0.60 (writ, tolerance of *>.05) 
K£r vIS. SSe lens 7 L^ned ,o focus the coHimated .aser boam with the waveiength C 635 nm on s.gna, 

incudes .aser chips 1a and 1b oscillating laser beams -th the wave^« of 
^1 W^oectively In reproducing the DVD. laser chip 1a is activated by a sermconductor laser dnvmg 

Si 8 fo ^SSSSSSmU Z the CD-R. laser chip 1b is activated by semiconductorteser driving arou 
S As ZS 3 optical pickup device 10 further includes a servo mechanism 13 perform.ng focus.ng cor*ol 
KdS to o^"^ focusing control allows objective lens 7 to be perpend.cularly moved wrth 
^l^lTmJn arteeof the optical disk such that the laser beam te always focused on signal record.ng surface 
ra^n^ traS Strci allows objective lens 7 to be perper^ariy moved with respect to the d,rec- 
;« a tmrk is moved such that the laser beam is always directed on the track. 
Si S « Watus using the above mentioned optica, pickup device 1 0 includes a pream- 

5?l 1 £££2 STSZXcircuit 14. an instructing circa* 15. an RF demodulating crcurt 16. a charac- 
Tortetir owitrhina circuit 1 7 semiconductor laser driving circuit 1 8 and a control circuit 19. 

SS PhSS S laser beam reflected by s.gna. recording surface 9a or 99a to generate a repro- 
HskJTTdM ™ dien applied to preamplifier 11. The reproduced signal is applied to determ.n.ng circurt 14. the 
SZZEIZSm SiS!S*i« 12 after it is amplified by preamptifier 1 1. Servo circuit 12 controls a servo 
mechS^r^Ponse to a focusing error signal and a tracking error signal of the applied reproduced agm r a On 
merthSnd S circuit 14 Entities the type (the DVD, CD-ROM or CD-R) of the cpfcal demounted to me 
B^ra^eSrTto^e applied reproduced signal, and applies the identification result to 'f^^ 
SSS^ d,^5a*hes foser chipsla and lb of semiconductor laser 1 tor adapting to the identified optical d sk 
a" 9 apX In EE^Swi circuit 19 in accordance with the applied Weston reeujt 

switches RF demodulating circuit 16 for adapting to reproducer, of the ^f^^^T^ 
ap^ies an instruction also to characteristic switching circuit 17 in accordar^wfthtne ^^SJSSSS 
^circuit 19 controls semiconductor laser driving circuit 18 such that laser ch^ l*^*™^*"*^^™ 
with the instruction from instructing circuft 15. Characteristic swrtchmg circuit 17 switches the characteristic of Hr 

tSKtSS^ 1 inctudes. h addftion to laser chips la and 1b. a base Mcjj-**. 
^1 i»«rrf*Ti a and 1b are mounted, and a package 1d for accommodating laser chjps 1a and 1b and base 1c. 
TtalmHwM £ and k3 are fo7med1n packaged and laser chips 1a and 1 bare mounted such that their omittance 
SSSS SS'522S!SS"SS-7 Hne between notches K2 and k3. Semiconductor laser 1 te pos, 
Sn^ch th^the sS which are formed by laser beams from laser chips 1 a and 1 b on signal record.ng ^ 9a 
m 9^ are symmetr^y arranged on either side of the track More specifically. eem«onductor teser H P°s*oned 
ZSii mSSSi K2-k3 corresponds to the direction of tracking (the radial direction) of the opfca. drt. The 

S^lT^Si — .aser chips 1 a and 1 b are separately manufactured and mounted to 
El leVn^JS oemanlctured together by crystal growth on a single ^^^f^-^J"^^ 
Srie Lbetween emfttance openings PA and PB of teser chips 1 a and lb te tor ^bet^een lO^no^v 
rnnasi Referrino to Ftas. 5 to 7. optical device 5 has a central region 5b in a round shape and a peripheral region sa 
ES. cln^Sn a^icl iission of the laser beam with the wavelength tf 635 "m^out any changeand 
^easesa diam^er of the laser beam with the wavelength of 780 run by diffraction. Thus, a hologram 20 b formed m 
Tn^reg^nTS; £e okr hand, peripheral region 5a a»ows ™ssfonot ^ £ * 

635 nm without any change and substantially shields the laser beam wrth the wavelength ot 780 run by diffraction. 

SorrS ^ea" a *L section ot peripheral region 5a has protrusions in square-like forme More speoffoally. 

Sa. r^^So^deeVcoaxialry termed plurality of annuter convex portions 22. Each annular con- 
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^ Mrtion „ ^ tou, ^eps 22a. Pitches P1 of annular convex portions 22 become narrower as closer tothe penph- 
» M hX^20^ provided with a lens effect A height of each step 22a is determined so that hologram 
^IZonfaTf I^TnTfor thete^beam with the wavelength of 780 nm. The height of each step 22 a w* later be 
20 functions as a lens omy lor we i lasei „«,«„, 51 in nartoheral reaion 5a includes a plurality of convex por- 



10 ing a glass 24. 



T5 



20 



25 



[C045] Referring to Figs. 7 to 12, the function of optical device Swill now be described_ 

is keot as low as possible. The outwardly traveling -first order diffraction beam LB i is empwyeo » 
eS^s as objective lens 7 is designed for DVD 26. merely shielding of thepenphery ^^7-*^ 
. =0^^780 S doe. not « 

«. Sr ^^dT^n.'wh^e ^ms 29 and 30 tr— ttSSTZStSSSZ 
device 5 are diffracted so that they do not enter objective lens 7. as shown in Rgs. 1 1 and 12. even it laser oeams 
and 30 enter objective lens 7. they are not focused on the "»»P"* 2 6 is connected 

l00 50] Optica, device 5 is fuced £ actuator 6 ^^3^^^^^ signal from photodetec- 
to servo mechanism 13 shown in Rg£ Ser* ^^"^ to a tracking error signal from photodetec- 

45 r 28 ^g^^ 

7, it moves along with objective lens 7. m§mMu MeMR thP nerioherv of laser beam 27 with the wavelength 

so beam 27 on signal recording surface 99a of CD-ROM 31^ „ .SEta^l^bawi 25on signal recording surface 
beam with the wavelength of 635 nm without any diffraction, thereby focusing laser oeani y 

a method of determing a height hi of each step 22a of annular convex portion 22 having four steps as 

shown in Fig. 13 will be described. i .»-.«,»— ..mod When a DertodT of the function of 

55 10053] First, a function of phase difference ,n RgJ4 '^^^^^^ o, ^ a mrac- 

phasedifference is significant* large as compared wrth ^^^^^^^^^ession (1). 
tton region, mth order diffraction efficiency T,m is generally provided m accordance wrth tne toiiowng v 
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n m -|ijA(x)expP*(x))exp{<^)d^ 



(1) 



(2). 



20 



if OSxS^- *(x) = 0 

4 

if ^SxS| «x) = Y( n - n > l5= *«< con * tani) 

if I^4 T *(x) = ^(n-n 0 )hl = 2* Q 

2 4 * 

if ItSxST «x) = ^(n-n 0 )hl = 34> s 

4 *• 



(2) 



,0056] Here, n is a refractive index of me materia, of annular convex porton 22 in hologram 20 and nO is a refractive 
« !Sex !n the vicinity of annular convex portion 22 (usually a retractve ,ndex of a,). 
[0057] Diffraction efficiencies where m=0 and m=±l are as follows, 
if m = 0 



±{<1 + COS*(x) + COS2*M + COS3<.(x)) 2 + (SIN«x) + SIN2«.(x) + SIN3*(x)) 2 } 



(3) 



40 



45 



50 



55 



H m = -1 

^ . J_ K 1 - COS*(x) - COS2*(x) + COS3«(x) - SIN*(x) + SIN2*(x) + SIN3«»(x)) 2 
+ (1 + CX)S*(x) - COS2*(x) - COS3*(x) - SINMx) - SIN2*(x) + SIN3*(x)) } 



(4) 



„ = _L {( 1 - COSm - COS2*(x) + COS34.W - SIN*(x) + SIN2*(x) + SIN3*(x)) 2 ^ 
+ (1 + COS+M - COS2+M - COS3«.(x) + SINMx) + SIN2*(x) + SIN3*(x)) ) 

fraction efficiency til are the lowest cMfraction beam of the laser beam with the 

10060] As described above, height hi is of 780 nm are large. As 

wavelength of 635 nm ^^^^^J^^^.S^o maKe oTorder diffraction efficiency 
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vicinity of striped convex portion 23 (usually a refractive index of air). 

h2 o m x X/(n - nO) (6 > 



[Operation of Optical Pickup Device] 

[MS 51 The operation of the optica, pickup device — ^JJ^ SJS?* f* 
[0OS6] In reproducing the DVD, laser chip la is activated by se ^™' a ^J^^™ , IS reflected by halt 

is 0.9 (with tolerance of ±0.1)um. ^ , nt3fVlhorn RO m as shown in F.g. 19. laser chip 1b is activated by 

« length of 635 nm is focused on signal recordng surface 9a ^^^^£^31* a resutt, the optical 



down. 
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[Modification of Optical Device] 

Lice 5. as shown in Rgs. 23 and 24. they may 20 on the surface on the opposite 

grating may be termed on the surface on the s.deof <*^* J™*^ rf lens 7 and diffraction 

S - shc^n in Rfl. 23. or hotogram 20 may J^^J^^J^LUn 20 and diffraction flmf- 
grating 21 on the surface on the oppose s ^ '"^^ £ of hologram 20 and diffraction grating 2 

^r^ffi 

on the different surfaces. v . rMam 9n m annular convex portion 32 having inclined surface 32a, s«m- 

, Although diffraction 3^ 21* formed inper^ ^^^"^^SS 2S 

Z Jy. hologram 33 may also ^^^^^XSiaTm^ as th'ose of ho.ogram 20 in centra, region 
hologram 33 in peripheral region ^^IZ^F^. 27. hologram 33 is also formed in penph- 

Sojxitwith prescribed pitches P3. AcconAng " r JJ 5a wo* be outwardly diffracted and not 

eral region 5a. so that all of the laser beam transmrtted ^g^^SLtg ^ ^ ^ fe feduced 

» inwardly diffracted to enter objective lens 7. ^^ ^Juetome y^ ^ ^ ft m£jy fl|s0 nave 
[00781 It is noted that while annular convex portion 22 shown in ng. «w» 

steps on the outer side as shown in Fig. 28. constants, it may have var- 

rOOTO] In addition, although diffraction grafng 21 of ^^eStastne san«gn» ^ rt me dHfrac . 

in the drawing. ^ ^-.^i rt»ice 5 will be described with reference to Figs. 30 to 33. 

[0030] Now. a diffraction function of opbcal device 5 ^ ^ de/ice 5. the central portion of laser beam 

[0061] When a laser beam 27 with the wavelength of ^ te ^eter as described 

aTwrlich has entered a hologram pass* £ S^JJjSJiSS 

35 ESS ffC? ? f ^ - — -~ ^ 

SrSraction beam 30 on the right M. ^^^^^ce 5 has varying diffracton constants, ♦ 

wavelength of 780 nm and a polarizing «»™yj !^"£^„TSS manner as described above. The 
Fig. 34. A hologram is formed in central regrcn 94b ?n a longitudinal direction of the drawing as 

polarizing filter formed in ESSE 2£E«r beJm polarized in the .ordinal direc- 

shown in Rg. 35. Thus, peripheral region 34a ^^J"™^ ^z*i in a transverse direction in the drawng 
tion of the drawing without an, ' S.^errtconductor laser 1 must polarize the laser 

by reflectance. In the optical pickup dev.ce havmgsuch ^^'^^ and teser beam wHh the wavelength 

increasing its diameter. w ««h in n«nheral reaion 35a of optical device 35. A hologram 

[0084] As shown in Fig 36. a ^^S^^^TeSedXe. The pSari^ng ass is obtained by 
s formed in central region 35b of optaal dev.ce 35 asr ,n * e as in Rg. 37 for absorption of the 

burning a glass surface on which silver atoms > are apph^ w etor^Jmpesas atoms „ be6wen , ^ 5. In 

laser beam with the length of 780 nm oeam w^the wavelength of 780 nm. Accordingly 
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15 



20 



25 



optical device 35. whereas the periphery of the laser beam with the wavelength of780nm . .shielded by the polanzmg 
Mass and the central portion thereof is diffracted to reach objective lens 7 while increasmg rts diameter 
K*851 It is noted that as the glass needs only shield the laser beam with the wavelength of 780 nm by absorption a 
Ed gliSIS the laser beam with the wavelength of 780 nm may be emptoyed in place of the po.anz.ng 

IS Further, although the central region of the optical device selectively causes a diffraction phero^on in 
Sance wrth tke waveLngth of the laser beam, the present invention is not limited to th.s and the cenlraJ r^,on of 
S^Sdevtae T may selective^ cause diffraction phenomenon in accordance with a plane of polar nation of the laser 
^Se^^ly thTcerL region of the optica, d»rice may drtfrac, only laser beam prized ,n the transverse 
direction in the drawing and not the laser beam polarized in the longitudinal direction in the drawing. 

[Modification of Semiconductor Laser) 

[WJ87] When laser chips 1a and 1b are arranged on the same plane perpendicular to an optical a^shwni »i 
k a focal length for collimator .ens 3 including a single material varies in accordance wrth the waveleng* <rf me laser 
btamSe specifically, the focal length of collimator lens 3 for the length of 780 nm^ fonger by 0.15 mm than 
matte the wavelength of 635 nm. Such variation in focal distances way cause chromatic aberration. 
1S£ Wh^serViips laand ibare arranged on a focal point of collimator lens 3 for the laser beam wrthttie wave- 
SL^m ^«amrie alaser beam 25 with the wavelength of 635 nm emitted from laser chip 1 a is transmitted 

rStt^frt"S P 1bTnot collimated even after it is transmitted through collimator lens 3 aston,^ 
7B?u7lase? beam 27 with the wavelength of 780 nm is not accurately focused on the signal recording surface of 
the CD-R or CD-ROM by objective lens 7. whereby chromatic aberration is caused. 

mom T^en toavoidsuch chromatic aberration, prelerably. laser chip 1 a is spaced by a first focal length Fllromthe 
SLJS ISSSSS beam 25 wrth the wavelength of 635 nm is transr^tted W a^» by a» 
matoMens 3 and laser chip 1b is spaced by a second focal length F2 which .s longer than first focal length FlbyaiS 
S from ^INrr^oS 3 S.ch triage laser beam with the wavelength of 780 nm is transmrtted through and col.imated 

of hall mirror 2. Thus, a collecting lens 37 is arranged between beam splitter 36 and photodetector 8 for collecting the 

laser beam from beam splitter 36 to photodetector 8. „«,m«h th _ i_ ser 

mil Further to avotf displacement of optical axes, only one emittance opening may be provided tor the laser 
Learns wito w^ engths of esTnm and 780 nm As shown in Fig. 42. for example, semiconductor laser 31 has an opti- 
^ZZ^toZZZ* the laser beams with me wavelengths of 635 nm and 780 nm. Opt^lwav^de^ 
?. Serf Y as shown in F*. 43. and includes two incident openings facing the emrttance <*%*^^<*** 
i a a ^Tb rLsectivelv and an emittance opening communicating with these two inodent openings. According tosuch 

ofthe teser beams with the wavelengths of 635 nm and 780 nm are substan- 

tiallv the same so that displacement of optical axes is prevented. . AAn a 

ST tZe £er chip7l a and 1b are mounted to base 1c adjacent to each otheras shown ,n Rg. **Aand «4BU » 
^escribed distance PlTis provided between their emission points PA and PB as shown. n Fig. 
rands*) a width of laser chips 1a and 1 b, which is generally between 300nm and 350nm. As displacement of emrt- 
^^noTpA and I PB maycause aberration. distance PL1 is preferably made as small as possible. 
S^efL shwvnin F« R emission points PA and PB are preferably formed offset from the centers of laser 
Sa^btoreTediSncePLS therebSween. Alternatively, as shown in * " 
45 PB^re formed in the centers of laser chips 1a and 1b. a distance PL3 between en.ss.on points PA and PB may be 

SestSSSTpS ^pKri« sides hereof are shorter than those between emfcsion points 

rronrtoring laser beams with the wavelengths of 635 nm and 780 nm leaking from the backsides of laser chips 1a and 

ss l^SS] Sermconductor laser 1 has four terminals 45 to 48. As shown "^r^Zt ^cSnZ^toa^rSe 
dectrodes of laser chips la and 1b and a cathode electrode of photodet«acr 44. Terminal 46 

electrode of laser chip 1a. Terminal 47 is connected to a cathode extrude of '^^J^^^^^ 
to an anode electrode of photodetector 44. As terminal 45 is connected to one electrodes of laser chips la and id ana 
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<*— r r ^^STSSn^i^^ me anode and cathode ele,*odes of 
[0097] AS Shewn in Fig. 49B. terminals to w / 

photodertector 44, respectively. connected to cathode electrodes of laser chips 1a and 1b 

chip lb and terminal 48 to the anode electrode of P^twtetecto electrodes of laser chips 1 a 

2m AHemativeiy. as sho^n in SZue^elntde J^STcl laser cH P 1 a. terminal 47 to 

[Arrangement of Cortical System] 

s n*«xa.in.tWi<«'-avvniia ! ion^4^^ 

psaobrt position on ^nSnonlTwt a in Fig. 50. twy -narnwd 

iirsr^s^.^.-H--* 
^r^sr^rrsr*^^«. w ^a«n„^,.c^o.».^ 

disk) of a spindle motor 44. N1 ^ th teser beam entering mirror 4 is aligned 

^rr^r^« s »^^^rn^^.TS^^ 

10,05] C»tne<«f»'n««»"» ea5,MM '^^!SSr,TSSs p^eltolK S ,r««r,surtao.oltr».pnoal 
to the upper and lower surfaces of body 42. W^ sucn ^ 42 shown in Fig. 51 B. 



35 



40 1a 



[0108] 

recording, or both recording and reproduction. 



ms 

than (halof said lire! transparent «*s8ate (9). contpfeatff 

„ 0*0*. «. m an-W<> ™££^"S£S?! JKSS S is* • «* — «* "* 
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increasing a diameter of said second laser beam (27) by diffraction, and having a peripheral region (5a) allow- 
ing transmission of said first laser beam (25) without any diffraction and substantially shielding sari second 
laser beam (27) by diffraction or absorption. 

2. The optical pickup device according to claim 1 , wherein said central region (5b) of said optical device (5) has a holo- 
gram (20) formed thereon. 

3. The optical pickup device according to claim 2, wherein said hologram (20) includes a plurality of annular convex 
oortions (22) each having tour steps (22a) and coaxially formed, and a height hi of each of said steps (22a) « 



portions (22) each having four steps (22a) i 
10 determined in accordance with the following expressions (1 ) to (5). 



ljA(x)exp^^ 



(D 



15 



20 



25 



if o£x£i «x) = 0 

4 

if -£xS- 4<x) = ^(n-n e )hl = ^(constant) 
4 2 A. 

if I^xSSiT <Kx)~(n-n 0 )hl = 24> 0 
2 4 A. 

if ItSxST «x) = ^(n-n Q )hl = 3* 0 

4 A 



(2) 



30 



35 



Hm = 0 



t, o = ^{(1 + COS*(x) + C0S2*(x) + COS3*(x)) 2 + (SIN^x) + SIN2*(x) + SlN3*(x)) 2 } 



(3) 



40 



if m = -1 



« = J- {(1 - COSMx) - COS2^(x) + COS3*(x) - SIN^(x) + SIN24>(x) + S1N3«x)) ' 
+ (1 + COS<t»(x) - COS2«Kx) - COS3+(x) - SlN<>(x) - SIN2<|>(x) + SIN3*(x)) 2 } 



(4) 



if m= 1 



45 



50 



55 



n ^ c JL {(1 - COS^(x) - COS2i>(x) + COS3*(x) - SIN<Kx) + SlN2«(x) + SIN3|>(x)) 2 
+ (1 + COS«>(x) - COS2(^(x) - COS3<|»(x) + SIN^(x) + SIN2«|>(x) + SIN3*(x)) 2 } 



(5) 



where r,m isamth order diffraction efficiency, *(x) is a function of phase difference defined by expression 
(2), T is a period of said function of phase difference. A(x) is a transmittance. x is said first ^ s ^^»' 
n is a refractive index of said annular convex portion (22). nOisa refractive index In the vicnrty of sad annular con- 
vex portion (22) and $0 is a constant. 

4. The optical pickup device according to claim 2. wherein said peripheral region (5a) of said optical device (5) has a 
diffraction grating (21) formed thereon. 
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The optica, pic*up device according to daim 4. wherein said diffraction grating (21) has varying diffraction con- 



stents. 



5 



direction, and 

said peripheral region (34a) of said optical device has a polarizing fitter formed thereon and having a polariza- 
tion direction perpendicular to said second direction. 

7 The optical pickup device according to claim 2. wherein said peripheral region of sakJ optcaMevtee (35) has a 
Sri^iaBsK^thereon and for absorbing said second laser beam (27) with sad second wavelength. 

B The optical pickup device according to claim 1 . wherein said laser beam generating means (1) ^"^^ 
m^dud^a a Package (1d), a first laser chip (1 a) arranged within said package (1d) and osallatmg sari first 

s es^kssl «** < ib > ^ -» pa * a9e (id> and osd,,atin9 88 

beam (27). 

o Th« nrtinai oidaiD device according to claim 8. wherein said optical pickup device moves along two guide shafts 
* J3 T^£^^" ^ direction of said first or second optical disk (26. 31) and further composes: 

imfY«Hifli*»v helow said obiective lens (7) and said optical device (5) and reflecting said 

semicSuctor laser (1) in a erection 
su^eTSSor second optical disk (26 . 31) in a direction perparriicular to said ma.n surface ol sari f^t 

rb^T^Xtweifstri two gurie shafts (43, for containing said objective lens (7). said optica, 
device (5), said semiconductor laser (1) and said mirror (4), ^mooriicuiar 
^optical axis (LN1) of the laser beam directed to sari mirror (4) being angled wrth respect to a perpendicular 
(LN2) passing through said two guide shafts (43) to form an acute angle (6). 

10. The optica, pickupdeviceac^ 

laserchip (1a) and an omittance opening (PB) of said second laser cr»p (lb) is ^^.f.™ 
face of sari first or second optical disk (26. 31) to form an acute angle (6) equal to sari acute angle (6). 

1 1 . The optical pickup device according to daim 8. further comprising a collimator lens (3) arranged between sari opti- 
cal device (5) and said semiconductor laser (1), 

sari first laser chip (1a) being spaced by a first distance (F1) from said collimator lens<3) such that sari first 
^t^25) traced through^ 

so^edby a second distance (F2) different from said first distance (F1) from sari coM.mator lens (3) such that 
sari second laser beam (27) transmitted through said collimator lens (3) s collimated. 

,„ -j-fcuo dstfice according to claim 8. wherein sari semiconductor laser (1) further indudes a light 

wSS aSZSSSSSSt opening fadng an emittance opening of said first laser chip (1a). a second 
S^nTng S antnrttance opening of said second laser chip (1b) and an emittance opening common,, 
eating with said first and second incident openings. 

•i * Th« orrfi«.i nidoxi device according to daim 8, wherein sari first and second laser chips (1a, 1b) are arranged with 
SiXiSS other, and distances between sari errvttance openings (PA. PB) c^d first 
aXc^Taser chips (1 a. 1b) and said one sides are respedively shorter than distances between sari emittance 
openings (PA, PB) and other sides opposed to sari one sides. 

14 The optical pickup device according to daim 8. wherein said semiconductor laser (1) further indudes a photode- 
on a side opposite to an emittance side of sari first and second laser c*jps (1a ,1b) for mom- 
tonng sari first and second laser beams (25. 27) leaked from said first and second laser chips (la. lb). 

15. The optical pickup device according to daim 8. wherein sari semiconductor laser (1) further indudes: 
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a first terminal (45) connected to one electrode of said first laser chip (1a), one electrode of said second laser 
chip (1b) and one electrode of said photodetector (44); 
a second terminal (46) connected to other electrode of said first laser chip (1a); 
a third terminal (47) connected to other electrode of said second laser chip (1b); and 
5 a fourth terminal (48) connected to other electrode of said photodetector (44). 

16. The optical pickup device according to claim 1 , wherein said first wavelength is between 620 nm and 680 run and 
said second wavelength is between 765 nm and 795 nm. 

io 17. The optical pickup device according to claim 1, wherein said objective lens (7) is adapted to said first optical disk 
(26) and has a numerical aperture of between 0.55 and 0.65. 

18. The optical pickup device according to daim 1 , wherein said objective lens (7) has an effective numerical aperture 
of between 0.40 and 0.50 upon incidence of said second laser beam (27). 

75 
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FIG. 10 
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FIG. 13 
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FIG. 2 1 
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FIG. 2 9 
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FIG. 3 1 
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FIG. 3 4 
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FIG. 3 6 
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FIG. 3 8 




FIG. 3 9 
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FIG. 44 A 
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FIG. 4 5 
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FIG. 5 1 A 
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FIG. 5 2 A 
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